edema (CSME), and demonstrated that prompt laser photocoagulation for CSME reduces the likelihood of moderate vision loss by 50%. 9 Since then, the use of anti-vascular endothelial growth hormone (VEGF) therapy that inhibits vascular endothelial growth factor was shown not only to reduce the risk of vision loss in patients with CSME but also to improve visual acuity and reduce central macular thickness. [10] [11] [12] Therefore, timely detection and prompt referral for suspected CSME by DRS programs is of critical importance. DRS programs generally use nonmydriatic, 2-dimensional monoscopic fundus photos for the detection of sight-threatening retinopathy. Rather than directly observing increased retinal thickening from edema, they must rely on a surrogate marker of CSME. Presence and location of hard exudates (HE) are used to detect CSME, since the stereoscopic (3-dimensional) effect needed to detect retinal thickening (edema) is absent in such images. In patients with diabetes, eyes with HE within 1 optic nerve disc diameter (1DD -approximately 1500 microns) of the center of the macula manifest CSME more frequently than those without HE within 1DD. This surrogate marker has been shown to have good utility in referring patients with suspected CSME in a screening setting. 13, 14 It is unknown whether eyes with HE within 500 microns of the fovea present with more severe sight-threatening DME than those with HE located greater than 500 microns but within 1DD from the fovea and, therefore, would require a more urgent referral. In an effort to improve the triaging ability of DRS programs, this study aims to answer this question.
Methods
Subject recruitment and data collection was done at 4 community health clinics, part of the Alameda Health System (AHS) in Northern California. Subjects were recruited from a consecutive stream of patients evaluated as part of an established DRS program. All patients with diabetes mellitus were eligible for recruitment if they were at least 18 years of age, not pregnant, and were able to understand and give informed consent to participate in the study. We obtained Retina Map OCT scans and 3-field fundus photographs on both eyes of 1814 adult patients with diabetes. Study protocol was approved by the Institutional Review Boards of the AHS and the University of California, Berkeley. Three-field nonmydriatic digital fundus photographs were obtained using a CR6-45NM fundus camera (Canon Inc, Tokyo, Japan) according to EyePACS protocol. 15 Macular thickness optical coherence tomography (OCT) scans were obtained using iVUE OCT (Optovue, Inc, Fremont, CA) Retina Map scanning protocol. Only 1 eligible eye from each patient was used for analysis. 159 eyes with HE within 1DD from the center of the macula were initially selected. 36 eyes were excluded because of the macular pathology other than DME or because of the poor image quality. The level of retinopathy was established in each eye based on grading of the digital fundus photographs done by an EyePACS-certified grader following the International Clinical Diabetic Retinopathy Severity Scale. 16 Custom software, Matlab (MathWorks, Natick, MA) was used to apply a measuring grid to the photographs to judge the proximity of HE to the fovea and to determine the location in the central macula affected by HE (Figure 1 ). We used a scaling factor to determine the distance from the fovea based on the measured pixels. Eyes were classified by 2 masked graders (TL and CW) as those having HE within 500 microns from the center of the fovea (Group 1) and those with HE located at a distance greater than 500 microns from the center of the fovea but within 1DD (Group 2). In case of disagreement between the 2 graders, adjudication was performed by a third expert grader (JC). To stratify eyes by the severity of CSME and to determine the proportion of eyes with severe CSME in Groups 1 and 2, we have adapted a modified DME severity scale developed from ETDRS data. 17 The ETDRS severity scale for DME was derived based on the extent of visual impairment as a function of the degree of retinal thickening in the macular center and the size and location of retinal thickening within the central zone (CZ, the area within 1DD from the center of the macula). 17 We adapted this scale to the OCT measurements in the following way. We defined severe CSME as the level of thickening in the central macula corresponding to Level 3B or worse on a 9-step ETDRS scale which was associated with the number of letters read at baseline equal to or less than 77. 17 This value approximates Snellen acuity of 20/30 or worse. We chose this level of visual impairment as a cutoff because we consider it to be clinically significant. Eyes were deemed to be in the severe CSME category if they met at least 1 of the following 3 criteria that match Level 3B or worse and are based on OCT scan analysis: (1) retinal thickening at the macular center (central ring of 1mm in diameter centered on the fovea), defined as central macular thickness (CMT), greater than 2 standard deviations from the mean normal thickness derived from a normative database 18 but less than 1 × the reference thickness (RT; the 95th percentile of normal retinal thickness in the region located 1 to 3 mm from the macular center) AND retinal thickening within CZ that is at least 1 disc area in size; (2) CMT greater or equal to 1 × RT but less than 2 × RT AND area of retinal thickening within CZ that is equal to or greater than half disc area; (3) CMT equal to or greater than 2 × RT ( Figure 2 ). It has been shown that age and sex have an effect on retinal thickness 19-21 so we corrected our cutoff RT values based on these parameters for each individual subject. These RT values were derived from a regression equation based on normative database. 18 The area of retinal thickening in the CZ was established by inspecting each topographic map and b-scans ( Figure 3 ). We calculated and compared the proportion of eyes that met the criteria for severe CSME in Group 1 and Group 2.
Statistical analysis was performed in R (https:// cran.r-project.org/). We have used a 2-sided, 2-sample t test to compare groups with continuous variables. The Mann-Whitney test was performed when variables did not follow a normal distribution. A chi-square test was used to evaluate differences in proportions. The Fisher exact test was used when the cell count was small (eg, Table 1 , Ethnicity). Intergrader agreement was evaluated using Cohen's kappa. We also used logistic regression analysis to evaluate the relationship between the severity of CSME and the number of macular sectors affected by HE, the proximity of HE to the center of the macula, the subject's age and sex, and the duration of diabetes. After selecting the most significantly associated independent variable we used ROC analysis to evaluate the characteristics of the screening test for the detection of severe CSME based on that variable. The ROC curve was built and analyzed using pROC package in R. 
Results
A total of 123 subjects with HE within 1DD from the center of the macula were included in the final analysis. The mean age of the sample was 54.9 ± 8.3 years. There were 54 (43.9%) females. HE within 500 microns of the center of the macula were observed in 90 subjects (73.2%) (Group 1). The intergrader agreement for judging the location of HE from digital fundus photos was good (k = 0.7). The distribution of retinopathy in our sample is shown in Figure 4 . The overall prevalence estimate of severe CSME in our sample was 13.0% (95% CI: 7.8%-20.5%) (Figure 2 ). The demographic data is shown in Table 1 . There was no difference in age, duration of diabetes, sex of the subject and ethnic composition between Groups 1 and 2. The prevalence estimate of severe CSME was 14.4% (95% CI: 8.2%-23.8%) in Group 1 and 9% (95% CI: 2.4%-25.5%) in Group 2. The difference in probabilities of severe CSME diagnosis was small, about 5%, between Group 1 and Group 2 and was not statistically significant (P value = .556), as seen in Table 2 . The associated odds ratio was 1.83 (95% CI: 0.46-10.66). However, it must be noted that our sample sizes were not large enough to confidently detect that small of a difference, if it was truly present. We have also compared the absolute value of CMT in Group 1 and Group 2. In Group 1, the median, 25th and 75th percentiles were 250.0 microns, 231.5 microns, and 271.8 microns, respectively. In Group 2 the corresponding values were 252.0 microns, 234.0 microns, and 267.0 microns ( Figure 5 ). There was no difference in CMT between the 2 groups (P value = .9). In post hoc analysis, increase in the number of sectors affected by HE within the central zone of the macula was associated with the increase in the probability of being diagnosed with severe CSME (Figure 6 ). In the logistic regression analysis, patient's age, sex, and the number of macular sectors affected by HE were significantly associated with the presence of severe CSME (corresponding P values: .011, .045, <.001) when keeping other variables constant (Table 3 ). An increase in each year of subject's age was associated with the odds ratio of 1.14 (95% CI: 1.04-1.28) for having severe CSME. Females had significantly lower relative risk of having CSME compare to males with the odds ratio of 0.21 (95% CI: 0.036-0.871). Finally, a 1-unit increase in the number of macular sectors affected by HE was associated with the odds ratio of having severe CSME equal to 2.18 (95% CI: 1.45-3.55). Fisher exact test was used to evaluate the association between the location of HE with respect to the center of the macula and the presence of severe CSME. Resulting P value is .556, which means that subjects with HE within 500 microns of the center of the macula do not have higher proportion of severe CSME when compared to subjects with HE located between 500 microns and 1DD from the center of the macula.
An ROC curve was plotted using the number of sectors as a predictor of severe CSME (Figure 7 ). The area under the curve was 81.5% (95% CI: 69.9%-93.2%). The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the local maxima on the ROC curve (thresholds) are shown in Table 4 . The overall "best" cutoff value is 3.5-that is, if more than 3 macular sectors are affected by HE, the sensitivity of this screening test is 62.5% and the specificity is 88.8%.
Discussion
We have proposed OCT-based classification of DME into severe and nonsevere CSME (Figure 2) . OCT-based approach to evaluating the severity of DME has the advantage of providing objectivity and, potentially, reducing the interobserver variability as well as adding precision to the estimate of change over time. This classification is proposed based on our adaptation of the DME severity scale reported by Gangnon et al. 17 We have adapted this severity scale because it offers 2 crucial components required for OCT-based classification of CSME into severe and nonsevere subtypes. This scale defines the severity levels in semiquantitative terms which can be replicated using OCT data and, importantly, it links each severity level to the degree of visual impairment which is an accepted criterion for defining the severity of DME. This adaptation is important because the information regarding the risk of vision loss in CSME was derived by the ETDRS study when OCT technology was not available. 9, 23 In addition, the correlation between visual acuity and the absolute measurement of central retinal thickness in patients with DME is only modest, which makes it difficult to establish an absolute cutoff value for CSME. 24 We were able to use this classification to determine if an urgent referral for suspected sight-threatening DME is required by DRS programs based on the proximity of HE to the center of the macula. Out of all the eyes with HE within 1DD of the center of the macula, nearly three-quarters had HE located within 500 microns of the center of the macula. In our sample, the difference in the probability of being diagnosed with severe CSME in the group of eyes with HE within 500 microns of the center of the macula and those with HE between 500 microns and 1DD was small and not statistically significant. In addition, the central macular thickness was not different in those 2 groups. These results should be interpreted cautiously because of the relatively small sample sizes of the 2 groups compared and the risk of Type II error.
Additional analysis of our data revealed that the measure of extent to which HE affect the central macula improves the ability to discriminate between the eyes with severe CSME and those without it. We have used the number of sectors within the central zone as the measure of extent to which HE affect the central macula (Figure 1 ). The probability of being diagnosed with severe CSME increased as the number of sectors affected by HE within the central zone of the macula increased. A plausible explanation for this association between a larger number of sectors within the central zone and the increased likelihood of severe CSME presence is that this reflects the extent of blood-retina barrier permeability. The formation of HEs is associated with the breakdown of blood-retina barrier and increase in retinal vascular permeability. 25, 26 It has been shown that the increase in blood-retina barrier permeability was significantly higher at baseline and at 18-month follow-up visit in eyes that eventually developed CSME than in the eyes that did not. 27 Therefore, an increased number of sectors affected by HE within the central zone likely indicates a greater extent of increased bloodretina barrier permeability and may be useful in deciding on the urgency of referral once the patient is suspected of having CSME based on the presence of HE within 1DD from the center of the macula. We recognize that fundus photos obtained during screening may vary slightly in orientation. We do not expect the orientation of the macular grid relative to the macular orientation to substantially change the utility of this test because the measure of interest is the number of sectors affected by HE and not their specific segment location. Screening test characteristics for different cutoff values are provided in Table 4 . A screening program may adopt various cutoff values to implement a more urgent referral strategy reflecting the unique needs of the community it serves based on the evaluation of tradeoff between overreferral and under-referral with the ultimate goal of improving the cost-effectiveness of the screening program.
The limitation of this study is that the proposed OCTadaptation of the DME severity scale has not been validated on an independent set of data. We intend to perform this validation in the future. This, however, does not limit the outcomes of the study because we have also compared the absolute central macular thickness in Group 1 and Group 2 and did not find it to be statistically different. In addition, the severe CSME group clearly included eyes with more advanced cases of CSME and therefore provides information regarding the distribution of more advanced cases of CSME in Groups 1 and 2. Another limitation of this study is a relatively small sample size. It is possible that in a larger sample size a small effect size could be evaluated more confidently.
It has been reported that racial minorities have a higher rate of sight-threatening complications from diabetes and lower compliance with eye exams than non-Hispanic whites. 28 A strength of this study is that non-Hispanic whites account for only 6.5% of our sample with the vast majority of our subjects representing Asian, Hispanic, and African descent ethnic groups. This ethnic distribution makes it easier to generalize the results of our study to the groups of people who stand to benefit most from the improvement in detection of sight-threatening diabetic retinopathy. Other programs with very different demographic characteristics should interpret our results with that in mind.
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